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(54) INSULATION GATE TYPE SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To realize an insulation gate type semiconductor device made of 
silicon carbide having the characteristics such as low conduction resistance and 
high switching speed while allowing a device to be small-sized by improving the 
dielectric strength performance at the time of turn-off coming into question when 
silicon carbide is adopted as a semiconductor material. 

CONSTITUTION: A p+ type buried layer 9 is formed on the bottom of a p-type 
base layer 8, further, a p+ type well layer 7 is formed inside the base layer 8 so 
as to make a course, where a charging current flows at the time of turn- off, low 
resistant while preventing conduction of a parasitic transistor. Further, two drain 
layers 3 and 4 are adopted in order to realize deep buried layers 9. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[C!aim(s)] 

[Claim 1]A semiconductor device which uses silicon carbide as a main material, comprising: 

Base area of the 1st conductivity type with which the source region of the 2nd conductivity type with which a source 
electrode is installed in a position which stands face to face against a drain electrode connected on a drain area of the 
2nd conductivity type was formed in an inside. 

A gate electrode which covered said drain area from said source region, and was installed via gate oxide on base area of 
this 1 st conductivity type. 

[Claim 2]Claim 1 which is provided with the following and characterized by forming said high concentration region in a 

plane of composition of this drain area of the 1st layer, and said drain area of the 2nd layer. 

A drain area of the 2nd layer in which said base area was formed in said drain area. 

A drain area of the 1st layer used as a base where this drain area of the 2nd layer grows epitaxially. 

[Claim 3]An insulated gate type semiconductor device with which impurity concentration of said drain area of the 2nd 
layer is characterized by a low thing in Claim 2 as compared with impurity concentration of said drain area of the 1st 
layer. 

[Claim 4]An insulated gate type semiconductor device, wherein a well region of the 1st conductivity type with high 
impurity concentration is formed in an inside of said base area in either of the Claims 1-3 as compared with this base 
area. 

[Claim 5]Are a semiconductor device which uses silicon carbide as a main material, and in a position which stands face to 
face against a drain electrode connected on a drain area of the 2nd conductivity type. In an insulated-gate type 
semiconductor with which the source region of the 2nd conductivity type in which a source electrode is installed has the 
base area of the 1st conductivity type formed in an inside, An insulated gate type semiconductor device, wherein it 
covers the surface of base area of said 1st conductivity type from said source region in said drain area, it has a channel 
formation layer of the 2nd conductivity type and a gate electrode is installed via gate oxide on this channel formation 
layer. 

[Claim 6]An insulated gate type semiconductor device characterized by said channel formation layer being a low 
concentration layer with impurity concentration low as compared with said source region in Claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the structure of the semiconductor device especially used for a power 
device about the insulated-gate type semiconductor device which used silicon carbide (SiC) as a main semiconductor 

material. 
[0002] 

[Description of the Prior Art]As for the main semiconductor material of the semiconductor device used as a power 
device, silicon (Si) is adopted conventionally. However, various new materials are examined from the limit resulting from 
materials, such as reduction of resistance, and a problem of cooling. In it, since the maximum field intensity (Em) is large 
single or more figures compared with silicon, silicon carbide (SiC) attracts attention as a main material of a 
next-generation power device. That is, since the maximum field intensity (Em), the resistance Ron at the time of a flow, 
and switching speed t^ have the following relation, when the single or more figures maximum field intensity (Em) becomes 
large, large improvement in performance is achieved. 

[0003]First, in MOSFET, the following relations are approximately materialized about the resistance Ron at the time of a 

flow. 

[0004] 

[Equation 1] 

Ron oo Em"^ ( 1 ) 

[0005]In switching speed tf, the following relations are realized approximately. 

[0006] 
[Equation 2] 

t f oo Em-^ ( 2 ) 

[0007]If it explains based on the structure of the conventional power metal-oxide semiconductor field effect transistor 
shown in drawing 7 . a formula (1) will think that the main resistance of the element at the time of a flow is equal to 
resistance of the drain layer 11. 

— + 
[0008]Namely, the n type drain layer 11 which grew epitaxially the surface of the n type semiconductor substrate 5 on 

+ 

which the drain electrode 12 was connected to the rear face in the conventional MOSFET is formed. The n type source 
layer 6 is formed in the surface of the drain layer 1 1 inside the base layer 8 at the p type base layer 8 and the pan. And 
the surface of the source layer 6 is covered from the surface of the base layer 8, the source electrode 10 is connected, 
further, the surface of the drain layer 1 1 is covered through the base layer 8 from the surface of the source layer 6, and 
the gate electrode 1 is installed via the gate dielectric film 2. For this reason, if high potential is impressed to the gate 
electrode 1, a channel will be formed in the surface of the base layer 8, and current will flow into the drain layer 11 and a 
pan from the source layer 6 through this channel at the substrate 5. And the result approximated based on resistance of 
the drain layer 1 1 used as this main course is expressed to the formula (1). This assumption is the right mostly at the 
element which that influence needed to be considered in the element of pressure-proofing not more than 300V since 
resistance of a channel became large, but had pressure- proofing beyond 300V. That is, in the element of high withstand 
pressure, when the maximum field intensity (Em) becomes large, the resistance Ron at the time of a flow falls rapidly. For 
this reason, in the power device using silicon carbide as a main semiconductor material, since it can resist very small 
compared with the power device made from silicon, as an element which secures the same current density, element 
areas can be substantially made small. Therefore, compared with the conventional power device, the power device of a 
low price can be further realized with a small light weight. If the single figure maximum field intensity (Em) becomes large 
according to the approximate expression (1), reduction of the resistance Ron at the time of the flow of about triple 
figures will be expected, but since the electron mobility in silicon carbide is small, it becomes reduction which is figures 
double [ about ]. Therefore, element resistance can be made or less [ in the case of silicon ] into 1/10 by using silicon 
carbide. 

[0009]Since energy difference has a band gap more than twice as compared with silicon, silicon carbide has dramatically 
small influence of the temperature to resisting pressure performance etc. Therefore, in the power device which used 
silicon carbide as a main material, it is not necessary to take required cooling into consideration with the conventional 
power device. For this reason, the miniaturization of a device and low-pricing are easily realizable by using the power 
device by silicon carbide. 
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[0010] 

[Problem(s) to be Solved by the lnvention]Thus, the power device using silicon carbide has many strong points compared 
with the power device by conventional silicon, and is a promising semiconductor material. However, there is a problem 
which the mobility of the career in silicon carbide calls low **. In particular, the mobility of an electron hole is low and 
there is a tendency for resistance of p field to become large. 

[0011]For this reason, voltage stopping power power declines and it is possible to result in an element breakdown so that 
the following may be carried out. 

[0012]That is. also in the device which adopted silicon carbide as a semiconductor material, the conductivity region of a p 
type and a n type and the pn junction surface are formed by introducing a donor and an acceptor like silicon. And to 
silicon carbide, it is known by introducing B and aluminum as an acceptor that a p type diffusion region can be formed. 
However, It is several or less percent that these acceptor levels are thermally activated among 0.2 eV or the acceptor 
introduced [ in / become, and it is deep and / the room temperature ], and are taking out the career. The mobility of the 
electron hole in silicon carbide is as low as about several ten. Therefore, if silicon is compared, in the same acceptor 
concentration, resistance of the direction of silicon carbide will become high far. 

[0013]On the other hand, in MOSFET shown in drawing 7 . the acceptor concentration of the p type base layer 8 is 
designed so that the threshold of the MOS inversion layer which forms a channel may become fixed. Although set as a 
16 17 -3 

10 - 10 cm grade in MOSFET of usual silicon, if acceptor concentration is made high more than this, for a becoming 
[ impossible / it / a threshold increases and / to drive easily ] reason, it is impossible to enlarge acceptor concentration 
freely. Therefore, in MOSFET made from silicon carbide, the resistance of a p type base will become high. 
[0014]Thus. in a base layer, resistance will bring about aggravation of dynamic characteristics. That is, when an element 
shifts to non-switch-on from switch-on, foreign voltage will be added to **** between sauce 10 and the drain 12 of an 
element This voltage is impressed to the pn junction between the p type base layer 8 and the n type base layer 11. and 
the depletion layers 20 and 19 spread in each layer. And these depletion layers 19 and 20 spread with the rise of voltage, 
leave the donor 18 who ionized, and the ionized acceptor 19. and eliminate the career located in this field. And it passes 
through the hole current 16 source electrode 10. and it flows through the electron current 15 into the drain electrode 12 
side. For this reason, these careers flow also into the source electrode 10 as charging current which charges pn junction. 
And the pnp transistor constituted by this charging current by the source layer 6, the base layer 8. and the drain layer 1 1 
will be in switch-on, and big current will flow into an element, will lose voltage element capability, and will result in an 
element breakdown. 

[0015]The equivalent circuit for explaining the state at the time of this turn-off is shown in drawing 8 . In MOSFET shown 
in drawing 7, it has the form where the pnp transistor 14 constituted by the external power 21 via the load inductance 24 
by the source layer 6. the base layer 8, and the drain layer 1 1 was connected. And it has the form where the resistance 
component 23 of the base layer 8 was connected with the base of this transistor 14 between collectors, and the Junction 
capacitance 22 of the depletion layers 19 and 20 was connected between the base and the emitter. Therefore, if the 
charging current which charges the junction capacitance 22 flows into the resistance component 23. by the voltage drop 
of this resistance component 23, the base potential of the transistor 14 will rise and between the collector emitters of 
the transistor 14 will be in switch-on. This phenomenon is called latchup and may cause destruction at the time of the 
turn-off of an element. 

[0016]Thus, in the semiconductor device which uses silicon carbide as a main material, while the resistance at the time of 
a flow has many advantages — it is low and heat resistance is also high — there is a problem that the high 
pressure-proofing at the time of a turn-off cannot be taken from conditions, such as keeping the threshold of MOSFET 
constant. 

[0017]Then, in this invention, it aims at realizing the semiconductor device with which the resisting pressure performance 
at the time of a turn-off was held in view of the above-mentioned problem by reducing resistance of the base layer of 
the insulated gate type semiconductor device using silicon carbide as a main material. 
[0018] 

[Means for Solving the Problem]ln order to solve above-mentioned SUBJECT, he is trying to form in a pars basilaris ossis 
occipitalis of base area locally a junction area where concentration is high in this invention. Namely, it is a semiconductor 
device which uses silicon carbide concerning this invention as a main material, Base area of the 1st conductivity type 
with which the source region of the 2nd conductivity type with which a source electrode is installed in a position which 
stands face to face against a drain electrode installed on a drain area of the 2nd conductivity type was formed in an 
inside. He is trying to form a high concentration region of the 1st conductivity type with high impurity concentration in a 
base area pars basilaris ossis occipitalis as compared with this base area in an insulated gate type semiconductor device 
which has the gate electrode which covered a drain area from the source region and was installed via gate oxide on base 
area of this 1st conductivity type. 

[0019]When silicon carbide is used as a semiconductor material, it is dramatically difficult for a diffusion coefficient of an 
impurity to form an extremely small deep junction area as compared with silicon. For this reason, a drain area of the 2nd 
layer in which base area was formed in a drain area, It is effective to constitute from a drain area of the 1st layer used as 
a base where this drain area of the 2nd layer grows epitaxially, and to form a high concentration region in a plane of 
composition of this drain area of the 1st layer and a drain area of the 2nd layer. 

[0020]It is effective to hold impurity concentration of a drain area of the 2nd layer low as compared with impurity 
concentration of a drain area of the 1st layer. It is desirable to form a well region of the 1st conductivity type with high 
impurity concentration in base area as compared with this base area. 

[0021]It is a semiconductor device which uses silicon carbide as a main material like the above. In an insulated-gate type 
semiconductor which has the base area of the 1st conductivity type with which the source region of the 2nd conductivity 
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type with which a source electrode is installed in a position which stands face to face against a drain electrode 
connected on a drain area of the 2nd conductivity type was formed in an inside, It is also effective to cover the surface 
of base area of the 1st conductivity type from the source region in a drain area, to have a channel formation layer of the 
2nd conductivity type, and to install a gate electrode via gate oxide on this channel formation layer. And it is desirable to 
make this channel formation layer into a low concentration layer with low impurity concentration as compared with the 
source region. 
[0022] 

[Function]The point which poses a problem in the insulated gate type semiconductor device which uses silicon carbide as 
a main material is being unable to make resistance of base area low in order to keep constant the threshold which forms 
a channel, as mentioned above. Therefore, reduction can be aimed at for the resistance in base area by forming the high 
concentration region where the impurity concentration of a base area pars basilaris ossis occipitalis is high, without 
changing the impurity concentration on the surface of base area in which a channel is formed. For this reason, by growing 
the drain area of the 2nd layer epitaxially on this drain area surface of the 1st layer first, after carrying out diffusion 
formation of the high concentration region on the surface of the drain area of the 1st layer, Also in the device which uses 
silicon carbide with a low diffusion coefficient of an impurity as a semiconductor material, a deep high-concentration 
diffusion region can be formed easily. 

[0023]By reducing the impurity concentration of the drain area of the 2nd layer, reduction of the charging current which 
flows at the time of a turn-off is achieved, and it becomes possible to control the flow of a transistor which is parasitic 
on the insulated gate type semiconductor device by this charging current. 

[0024]By forming a high-concentration well region in the inside of base area, it is possible to lower the resistance of base 
area further, and improvement in the resisting pressure performance at the time of a turn-off can be aimed at. 
[0025]It is possible also by covering the surface of the base area of the 1st conductivity type from the source region in a 
drain area, having a channel formation layer of the 2nd conductivity type on the other hand, and installing a gate 
electrode in this channel formation layer via gate oxide to aim at improvement in the resisting pressure performance at 
the time of a turn-off. That is, the field effect transistor of an assembling die can be formed using the channel formation 
layer formed on the surface of base area, and the function of a turn-on turn-off can be given. Therefore, there is no 
influence in the threshold which forms a channel also as high concentration about the base area of the 1st conductivity 
type, and, for this reason, it becomes possible to send charging current through high-concentration base area. As a 
result, the voltage drop by the charging current which flows through high-concentration base area can be suppressed 
small, operation of a parasitic transistor is controlled, and it becomes possible to prevent latchup. 

[0D26]When such a channel formation layer is provided, a threshold can be controlled by the impurity concentration of 
this channel formation layer, thickness, etc., and it is possible by making impurity concentration into low concentration to 
realize a controllable good insulated gate type semiconductor device. 
[0027] 

[ExampleJWith reference to Drawings, working example of this invention is described below. 

[0028] [Working example 1] The structure of the insulated gate type semiconductor device concerning this example is 
shown in drawing 1 . This device is constituted considering silicon carbide as a main semiconductor material, and the 1st n 
- + 
type drain layer 4 first grown epitaxially into the surface of the n type semiconductor substrate 5 on which the drain 

electrode 12 is connected to a rear face is formed. And the 2nd n type drain layer 3 is formed by epitaxial growth on 
this 1st drain layer 4. The donor concentration of this 2nd drain layer 3 is adjusted so that it may become lower than the 
1 st drain layer 4. 

The 2nd drain layer thickness is also formed with around 1 micrometer as thinly as possible. 

On the 1st drain layer 4, the p type embedded layer 9 which is high concentration is formed. And the p type base layer 8 

which used the 2nd drain layer 3 for the upper part of this embedded layer 9, and was formed in it is constituted. The n 

type source layer 6 is formed in the surface portion in this p type base layer 8, and the p type well 7 is formed in the 
center section of the base layer 8. And it applies to the well 7 from the source layer 6, and the source electrode 10 is 
connected, further, the surface of the base layer 8 and the surface of the 2nd drain layer 3 are covered from the end of 
the source layer 6, and the gate electrode is installed via the gate oxide 2. The switch-on of MOSFET of this example is 
attached like the conventional MOSFET explained previously, and omits explanation. 

[0029]In this device of such composition, if potential difference arises in the source electrode 10 and the drain electrode 
12 at the time of a turn-off, a depletion layer will be formed in the pn junction part of the base layer 8 and the 2nd drain 
layer 3, and the pn junction part of the embedded layer 9 and the 1st drain layer 4. And charging current mainly flows 
toward the source electrode 10 from the pn junction part of the embedded layer 9 and the 1st drain layer 4. It is because 
this has the total amount of the flowing current equal to the total amount of the donor in a depletion layer who ionized, or 
an acceptor. The total amount of the ion in a depletion layer when the voltage V is impressed is approximated by the 
following formulas. 
[0030] 
[Equation 3] 

N oo^(pV) (3) 



[0031]Here, rho is ion density and N is a total amount of ion. That is, there are also so few total amounts of ion that ion 
density is low, and charging current also decreases. In this device, the acceptor concentration of the base layer 8 is low 
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compared with the embedded layer 9, and the donor concentration of the 2nd drain layer 3 is still lower compared with 
the donor concentration of the 1st drain layer 4. Therefore, the charging current from the depletion layer which spreads 
in the pn junction part of the base layer 8 and the 2nd drain layer 3 becomes very small at the pn junction part of the 
embedded layer 9 and the 1st drain layer 4 compared with the charging current from a depletion layer. 
[0032]Thus, in this device, since the embedded layer 9 into which charging current mainly flows into from the pn junction 
part of the embedded layer 9 and the 1st drain layer 4, and many of the charging current flows is a high-concentration 
diffusion zone, resistance is low. In this device, since the well 7 with high acceptor concentration is formed in the inside 
of the base layer 8, it is designed so that resistance may become low in the whole course through which the charging 
current from the embedded layer 9 flows into the source electrode 10. Therefore, it becomes possible to reduce the 
voltage drop resulting from charging current flowing through a base layer, and fault which makes switch-on the parasitic 
transistor constituted by the source layer 10, the base layer 8, and the drain layers 3 and 4 can be avoided. Therefore, in 
this device, a parasitic transistor serves as one at the time of a turn-off, and element breakdown generating by 
superfluous current flowing can be prevented. 

[0033]Thus, in this device, the voltage drop in a base layer can be controlled by sending the current at the time of a 
turn-off via a high-concentration diffusion zone with low resistance, without affecting the threshold of channel formation. 
Therefore, it becomes possible to improve the resisting pressure performance at the time of the turn-off which was a 
problem, the maximum field intensity (Em) being large and using the silicon carbide the resistance Ron at the time of a 
flow and the extensive improvement of switching speed tf are expected to be as a semiconductor material. 
[0034]When forming a semiconductor device like this example using silicon carbide with a small diffusion coefficient of an 
impurity, a high-concentration embedding type diffusion zone may be formed in the point which poses a problem. And in 
the device of this example, formation of the high-concentration embedding type diffusion zone is made easy by forming 
the two-layer drain layer 3, i.e., the 1st drain layer, and the 2nd drain layer 4 for this point one by one. 
[0035]An example of the process which manufactures the device of this example is shown in drawing 2 . First, as shown in 

drawing 2 (a), the p type layer 9 of low resistance is selectively formed in the 1st n type drain layer 4 that carried out 

+ 

shrimp TAKISHARU growth on the n semiconductor substrate 5 of type by methods, such as diffusion, at high 

concentration. Next, as shown in drawing 2 (b). the 2nd n type drain layer 3 is formed by epitaxial growth on this 1st 
drain layer 4. Thus, a deep high-concentration embedded layer can be easily formed by dividing a drain layer into 
two-layer and forming it. As mentioned above, as thin the one of the 2nd drain layer 3 as possible is good, and it has been 
about 1 micrometer in this example. It is because it is possible to limit a depletion layer region and reduction in charging 
current can be aimed at, so that there is little thickness, since this serves as a range in which a depletion layer spreads 
from the p type base layer 8 which this thickness mentions later. 

[0036]Next, as shown in drawing 2 (c). the gate dielectric film 2 and the gate electrode 1 are formed on the 

semiconductor substrate made from the silicon carbide formed above. And as shown in drawing 2 (d). the p type base 
+ 

layer 8 and the n type source layer 6 are formed by using this gate electrode 1 as a mask. In order to lower resistance 

between the source electrode 10 connected to the source layer 6 and the base layer 8, and the embedded layer 9, the p 
type well region 7 is formed in base layer 8 inside. In order to reduce the charging current from the depletion layer which 
spreads between the base layer 8 and the 2nd drain layer 3, it is as having explained above to have made it better [ for 
the impurity concentration of the 2nd drain layer 3 to fall to from the 1st drain layer 4 ]. 

[0037][Working example 2] The structure of the insulated gate type semiconductor device concerning this example is 
shown in drawing 3. This device as well as working example 1 is constituted considering silicon carbide as a main 

semiconductor material. The point that the n type drain layer 4 which grew epitaxially the surface of the n type 
semiconductor substrate 5 on which the drain electrode 12 is connected to a rear face is formed is the same as working 

+ 

example 1. The point which should be noted in the device of this example is that the p type base layer 30 which is high 

+ 

concentration is formed on this drain layer 4. It is that cover the drain layer 4 from the n type source layer 6 formed in 
the surface of this base layer 30, and the n type channel formation layer 31 is formed. And the gate electrode is installed 
via the gate oxide 2 on this channel formation layer 31. 

[0038]Operation of this device is explained based on drawing 4 in which the portion in which a channel is formed was 
expanded and shown. The device of this example forms what is called a junction field effect transistor (JFET) using the 
channel formation layer 31. First, when the electronegative potential of the positive or small value is impressed to the 
gate electrode 4 from the control power source 28 to the source electrode 10, the breadth of the depletion layer 36 
formed toward the base layer 30 from the surface of the channel formation layer 31 is small. Therefore, the electron from 
the source layer 6 flows into the drain layer 4 through the course 37 between this depletion layer 36 and the depletion 
layer 35 which spreads from the base layer 30. 

[0039]If electronegative potential impressed to the gate electrode 4 is enlarged, the depletion layer 36 will spread and go 
toward the base layer 30. and an electronic passage will become narrow. And since an electronic passage will be lost if it 
will be in the state of the pinch-off connected with the depletion layer 35 which spreads from the base layer 30 at last, 
an electron will not flow and this device will be in the state of a turn-off. If the potential difference of the drain electrode 
12 and the source electrode 10 becomes large by an OFF state, the depletion layer 35 spreads from the base layer 30, 
charging current flows, and it has been a problem with the conventional device. However, in the device of this example, 
since the base layer 30 is set as high concentration, the potential of the base layer 30 does not become high according to 



IP,05-259443,A [DETAILED DESCRIPTION] 



5/6 



charging current, and the parasitic transistor constituted by the source layer 6, the base layer 30, and the drain layer 4 
does not serve as one. Therefore, the latchup at the time of a turn-off can be prevented. 

[0040]Turning on and off of this element is controlled by the depletion layer 36 which spreads in the channel formation 
layer 31 which is a n type field, as mentioned above. Therefore, the threshold Vt of the gate potential of this device is 
determined by the thickness of the channel formation layer 31, and donor concentration. For example, Vt is expressed 
with the following formulas when the depletion layer 36 adopts the value in which only the thickness of the channel 
formation layer 31 spread as the threshold Vt. 
[0041] 

[Equation 4]Vt=q-Nd-W(d/Ei + W/ 2 E s ) .... ( 4 ) 

[0042]It is here, and the donor concentration of the channel formation layer 31 and W show the thickness of the channel 
formation layer 31, Ei shows the dielectric constant of the gate dielectric film 2, and, as for q, Es shows the dielectric 
constant of a semiconductor, as for elementary charge and Nd. The electric field electric charge is disregarded. When [ 

16 -3 

using this formula ] d= 1000 A (Si02), W= 0.1 micrometer, and Nd=10 cm , a value called abbreviated 1.2V can be 
obtained as the threshold Vt, and it turns out that it can be dealt with like the semiconductor device using silicon. Since 
the voltage by the side of a drain electrode rises and the depletion layer 35 from the base layer 30 spreads further as 
this device turns off, the threshold Vt becomes smaller than the above-mentioned value. 

[0043]An example of the process which manufactures the device of this example to drawing 5 and 6 is shown. First, as 

shown in drav^ine 5 (a), the SiC substrate by which the n type drain layer 4 which carried out shrimp TAKISHARU 

+ 

growth was formed on the n semiconductor substrate 5 of type is used. And a pattern is formed in the surface of this 
drain layer 4 by the photoresist 32, the p type impurity ion 33 is poured in from on that, and the p type impurity for 

+ + 
forming the p type layer 30 of low resistance at high concentration is introduced. Of course, in order to, make this p 
type layer 30 into low resistance if possible, it may form by the other methods, for example, gaseous phase diffusion, or 
epitaxial growth. 

[0044]Next, as shown in drawing 5 (b). the impurity introduced by the ion implantation is activated by heat treatment, and 

+ -t- 
the p type layer 30 is formed. And as shown in drawing 5 (c). the p type layer 30 was formed, and also the n field 31 is 
further formed by epitaxial grov\rth uniformly. Although the channel formation layer 31 is constituted by this n field, it is a 
15 18-3 

value in which a 10 - 10 cm grade realizes impurity concentration, and about 0.1 -several micrometers can realize 
thickness. 

[0045]Next as shown in drawing 6 (a), it patterns by forming the gate dielectric film 2 and the gate electrode 1. As for 
SiC. since Si02 can grow by oxidizing thermally, it is desirable to use this Si02 as the insulator layer 2. And as shown in 

+ 

drawing 6 (b). the n type source layer 6 is formed with ion implantation or a gaseous phase diffusion method by using the 
gate electrode 1 as a mask. Then, as shown in drawing 6 (c). the source layer 6 is dug selectively and the base layer 30 is 
exposed, and junction to a source electrode is possible and it is making. Of course, in the process shown in drawing 6 (b). 

it is also possible also by forming p type diffusion in a part of source layer 6 from the surface, and making it join to the 
base layer 30 to connect the base layer 30 with a source electrode. Thus, an electrode is formed in the formed 
semiconductor device and the device of this example is completed. 

[0046]Although it explained based on the power device of the vertical mold with which the drain electrode was installed in 
the rear face of a semiconductor substrate, and the source electrode was installed in the surface in above-mentioned 
working example 1 and 2, Also in the power device of a horizontal type with which a drain electrode and a source 
electrode are installed in the same field, a device with low conduction resistance and possible fast switching, and high 
resisting pressure performance at the time of a turn-off is realizable by the same composition as above-mentioned 
working example. And it becomes possible to realize the thing provided with various performances required of a power 
device in recent years, such as a miniaturization of a device, and a weight saving. Although above-mentioned working 
example has been described based on MOSFET, the art concerning this invention is applicable to all the insulated gate 
type semiconductor devices, such as IGBT and MOT. 
[0047] 

[Effect of the Invention]In the insulated gate type semiconductor device applied to this invention as explained above, In 
expecting the improvement with the large maximum field intensity (Em), and the extensive resistance Ron at the time of a 
flow and switching speed t^, When adopting silicon carbide with good heat resistance characteristics as a semiconductor 
material, the resisting pressure performance at the time of the turn-off used as a problem is solved by forming a deep 
high concentration region in base area. In the semiconductor device concerning this invention, it is possible to have 
adopted easily the composition which can be formed for the deep diffusion zone which poses a problem, when using 
silicon carbide with a low diffusion coefficient as a material, and to provide a cheap device. 

[0048]It is possible also by providing a channel formation layer and turning on and off according to the electric field effect 
of an assembling die on the surface of base area, using this channel formation layer to attain low resistance-ization by 
making base area into high concentration. Therefore, the latchup of the parasitic transistor which was a problem can be 
controlled with the semiconductor device made from silicon carbide at the time of a turn-off, and it becomes possible to 
secure the resisting pressure performance at the time of a turn-off. 

[0049]Thus, by using the semiconductor device of composition of starting this invention, it becomes possible to realize 
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the power device which harnessed the characteristic of silicon carbide, and it becomes possible to provide a highly 
efficient, small, and lightweight insulated gate type semiconductor device. And it can contribute to the small size of a 
various device, a light weight, and also power-saving by using the power device concerning this invention. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

TThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rprawing 1] lt is a sectional view showing the composition of the insulated gate type semiconductor device concerning 
working example 1 of this invention. 

[Drav^/ing 2] ]t is a sectional view showing the manufacturing process of the insulated gate type semiconductor device 
shown in drawing 1 . 

[Drawing 3] It is a sectional view showing the composition of the insulated gate type semiconductor device concerning 
working example 2 of this invention. 

[DravvMng 4l lt is a sectional view expanding and showing the portion concerning the channel formation layer of the 
insulated gate type semiconductor device shown in drawing 3 . 

[Drawing 5] lt is a sectional view showing the first half of the manufacturing process of the insulated gate type 
semiconductor device shown in drawing 3 . 

[Drawing 6] lt is a sectional view showing the second half of the manufacturing process of the insulated gate type 
semiconductor device shown in drawing 3 . 

[Drawing 7l lt is an outline llneblock diagram for explaining operation of the conventional insulated gate type 
semiconductor device. 

[Drawing 8] It is a circuit diagram showing the equivalent circuit of the insulated gate type semiconductor device shown in 
drawing 7 . 

[Description of Notations] 



1 ... 


Gate electrode 


2 ... 


Gate dielectric film 


3 ... 


The 2nd n type drain layer 


4 ... 


The 1st n type drain layer 


5 ... 


+ 

n type semiconductor substrate 


6 ... 


+ 

n type source layer 


7 ... 


+ 

p type well region 


8 ... 


P type base layer 


9 ... 


+ 

p type embedded layer 


10 


... Source electrode 


11 


... Drain layer 


12 


... Drain electrode 


14 


... Npn transistor 


15 


... Electron current 


16 


... Hole current 


17 


... Donor who ionized 


18 


... Ionized acceptor 


19. 20 ... Depletion layer 


30 


... p type base layer 


31 


... N type channel formation layer 


32 


... Photoresist 


33 


... P type impurity ion 


34 


... P type impurity 


35, 36 ... Depletion layer 


37 


... Course of electron current 


38 


... Control power source 



[Translation done.] 
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mmso^t(h^<mm.h-t^fz»^^z. ^cr>im-n 

izx-oxmf&Lxi^^^K 

[ 0 0 4 4 ] ^^(C, 05 ( b ) tC^-r ct 0 (C. ^ :t >1± 

Oz:Wm-th. ^LX. 115 (c) iz^.-t J: o (z , p* 
mM3 0tWf&^ixfz±lz, $ A,tnMJS3 1 

^■^^^7!^br«3 i*it«^$:<x€.*^ T-ummmiti o 

i5_i oi8cm-3gJK, /l^tiO. l~^x«m^*i|| 



SsT\ F U -f > ttffi 1 2 >; y — 1 0 i; cr)l;f4:^;^>>' 
±& < ^'-l. >: , '^-XB 3 Ot^h'&'^m 3 5 t^)ut)^^% 

mxsdmix . fie*<7,)^BT- {±Pniii t ^ ^ t t ^ i> . l 

^ L T $) S <:7)-(:^ ^mmififc J; D 'v-X jf 3 0 ^7)^(5*^" 
i§<^^^i:{i^<. y-xB6, ^-7.m3 0iii.Xf 
K Jl 4 (c J: 0 $ n ^ h ^ > y X ^ y 

\,z . n mcomMxh :^-)vmm.m 3 1 

op-gfiv t (±, ^^/inrnm 3 1 ^ k-^-^ijk 

lcJ;->-C?^^$ii-i>« mrM, Wfiv t i: LtSjEB 3 

vtmT<7)^X^^ixh. 
[0041] 
[$t4] 

+ W/2 E s ) .... ( 4 ) 

[004 5 ] mz, me (a) c^-r i 3 (2, y- Me 

^Si 2 iiJ i t/- y- h «® 1 * »M L T , ^ N° .-^ - - > * 

fi=3 Si cum&it-thztizx 0 s i 02 

^'I.^O-f, ife^S-)l2 t LTJi^iOS i O2 im^^^Zt 
:bmtl^K ^LT, He (b) IzJrs^Xolz, y-h 
mmii-^^^^^tLX, ^>&X&$>7s,^4i%1tQi&WL 

•m^tizx<on* mcDv-xme^mfSi-th. ^<7)m, 
me u) iz^s-txoiz, ^/-y.mei^y^mzM'-^ 
X, <-xji3 osrsstB^-it, V -xmmtc^m-k-^^^ 
m^jiioizLx^^h. mk, me (b) tc^-rx^ti> 
ir^T. v-7.me(r)—mzmmt^^r>* mcnw^^m^ 
L, <-y-~m3oy.\^^^'±hzy[z^'oxi^. y-x 

^o\,zLxm^^ixfz^mi^mm.^z, mm^km^Lx^ 

[0046] ^Jo, ±Mm:tm\iiXXf2i,ZiiV^X. # 

m\-^mwi<D'mmz y 1^ -f >'«fi6*>fss $ ft . mmiz y - 

L;^.:**. PI tBt: H ^ >-mi6t3 J;(/y-xmffi*iiSa 

fzi^^imm-hZtt^mh^j:^. tfz. ±ffiO^Jfe 
^hmH±, I GBT, MCT^t'cr>-t^X(^^y- 
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[0047] 

-7.wmz:i%v^mmMm:mm-h^>L\,zx "mm.v 
x^^h, ^h\z^ i!?mmz\%h^m^\i?-^mzii\^x\i. 

trail t =0: 1. ?S V ^ttS^rji ^ SBtcj^RJc; 

[0048] 47^c . ^-x|iiS£7)«[B(=, ^^y^-}Vm^ 
S * 15 (t , c: ^ /L «{i5cJl Sr ffl i-g-^-Si7)fl;^f.jE!, 

^^Mh Lxmm\YAm^^ z t if^mxh h . n-o 

100491 ZcDlolz. *^B«tcfS-l.«fScc^^J»f*^ 
X ^ffl ^ ^ ^ t (c J; 0 , . ^gM, $ ^> I- 

[01 ] ^^mc^mmm i tcfsi.*&^y- hM^f*cji 

[02 ] dl tc^-rife^^- hS*»f*^g0^3ti!iS 
ir^-t^MMX'h^. 

[114 ] m3^zn<-rm^y-hm^mi¥^mco^^^^>i 
mfmiz{^^^>^^i&±ix^^^mmmx'$,^ . 



[ la 6 ] EI 3 izir^-tim y- v m.^mwmm.cnmm.im 
c^ym^ii^^-trnmrnxhi. . 
[07] fM*<^*e^f>-'-hffi^#f*^a<^i!)f^*ijiBj-r 

hfzihcDimm^mxh^ . 

[ 0 s ] 0 7 (c^n-r*e^*y- hS4^f^s^s^7)^fif EiK 

^^^•tmmx'hh. 
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